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Abstract 
The study was aimed to review some aspects of reproductive biology, handling of seeds and seedlings of kaliandra 
(Calliandracallothyrsus) in relation to improve its productivity. The methods were observing the development of flowering and 
fruiting directly over the trees, seeds and seedlings quality were examined in a laboratory and nursery. We concluded that 
reproductive potency of kaliandra could be used to predict the production of fruits/seeds. The quality of seeds can be improved 
by selecting their size, weight and kept them at an optimal seeds moisture content. The seedlings either originated from seeds or 
shoot cuttings were having good responses to the given treatments. 
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PERS = Pre-emergent reproductive success 
FF  = Fruit/flower ratio 
SO = Seed/ovule ratio 
SQI = Seedling quality index 
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1. Introduction 
The requirement of energy in Indonesia increases significantly. Inversely, the suply and production of the energy 
has been declining. The main problem at this time is the lack of fossil fuels as energy sources [1]. One attempt to 
solve the problem is to promote the use of timber as energy sources for industry and domestic requirements. Among 
of 88 bioenergy producer recommended species [2] favoured by the people of Java are leguminosae and one of them 
is kaliandra (Calliandracalothyrsus). Ecologically, this species has a wide range of habitat, and grows well at the 
altitude of 0 m to 1860 m above sea level. Since its good environmental adaptability, the species has been chosen to 
be utilized for timber estates and land rehabilitation in Java. However, in general the timberproductivity of kaliandra 
forest stands is low partly due to the use of low quality seeds. A seed with a poor genotype will produce a poor 
progeny regardless of the environment is. The procurement of high quality seeds, therefore could be achieved from 
the right seed sources [3].  
The availability of seeds and seedlings for establishing bioenergy timber estates should be maintained in an 
adequate number and good quality. The procurement of seeds continuously starting from a basic information on 
flowering, fruiting, seed handling until seedlings techniques of the species.  
The maximum amount for the number of seeds that can be produced is determined by the number of ovules per 
floral structure [4]. Any loss of ovules can directly or indirectly influence fruit/seed development. The produced 
seeds can be looked over the potency of reproductive measured by calculating the pre-emergent reproductive 
success which is refers to the number of viable seeds released into the environment [5]. The viable seeds and 
vigorous seedlings are also gained from the handled seeds properly [6]. The size of seeds is correlated with its 
viability and vigor. Often, the heavier seeds tend to have more vigorous [3]. The heavier and larger seeds were 
mostly chosen because of their better germination rate and seedling growth. However, it would probably got rid the 
smaller seeds that had genetically good quality [7].   
Seedlings, either originated from generative or vegetative parts of propagation are being an important issue to be 
paid attention in relation to achieve high quality seedling procurement. One of limiting factors of seedling growth in 
a nursery is the existing plant nutrition in the growing media. Nitrogen and phosphor are the main nutrition required 
in a lot number by the plants. These elements can be taken by the assistant of microorganisms such as rhizobium as 
BNF (Biological Nitrogen Fixation) [8] and myccorhiza [9].  
Vegetative propagation methods offer many benefits including ability to regenerate clones, convenience and 
ease of propagation, combination of genotypes and reduction of length of juvenile period [10]. Vegetative 
techniques, therefore, could support the program of tree improvement by establishing clonal forest [11].  Hence, 
enable to meet the needs of the future demand of high calorie from kaliandra stands for energy resources. 
The objective of the manuscript was to review some aspects of reproductive biology, handling of seeds and 
seedlings of kaliandra (Calliandra callothyrsus) in relation to improve its productivity. 
2. Material and method 
2.1 Reproductive potency 
The fieldworks were conducted in Forest Research Station (FRS) of Dramaga-Bogor and Cibodas research plot. 
The samples were taken from five mother plants in each location; five racemes of each plant were tagged to observe 
the flowering-fruiting development. Pre-emergent reproductive success (PERS) [5]calculated by multiplying the 
fruit to flower and seed to ovule ratios.In a separate trial, seed production was measured by collecting kaliandra pods 
from Cibodas research plot. The parameter measurement was based on the number of sprout and analysis was 
carried out to determine the relationship between fruit production and number of sprout. 
 
2.2 Seed handling 
 
The assessment of seed physiological quality was based on the size and weight of seeds. Seed size was specified 
with the size of sieve diameter (5.75 , 5.35 and 5.0 mm). The biggest seeds were those that detained at the sieve no 
5.75 mm, et cetera. Each of seed size was then pondered at 1000 seeds to get the value of 1000 seeds weight. Fresh 
seed moisture content was measured based on wet biomass weight. 100 seeds per treatment were germinated on the 
standard medium (soil/sand:1/1)v/v. Pre-treatment for the seeds was soaking them in hot water (80°C) for three 
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minutes and let them cold[12]. Ten normal seedlings were replanted into polybags to find out their seedling growth. 
Completely randomized design was employed, each unit of treatment was repeated 4 times.  
 
2.3 Seedling techniques 
 
There were two techniques of plant propagation, i.e generative and vegetative. Generative technique is a plant 
multiplication by using seeds and vegetative technique is using parts of the plant propagation such as shoot cutting. 
 
2.3.1. Seedling methods 
 
Kaliandra seedlings that had a pair of leaf were prepared to be inoculatedby: 1) 1 ml of Rhizobium sp suspension, 
2)  2 gr mycorrhizapropagules (mixture of Glomus + Aculospora+ Gigaspora), 3) combination of  (1 + 2) and 3) 
control (no treatment). The experiment was arranged in a factorial randomized-completed design. Five months after 
treating, seedlings growth were assessed by measuring seedling height, stem diameter, seedling survival percentage 
and seedling quality index (SQI). 
 
2.3.2. Cutting methods 
 
Cutting materials were harvested from shoots of 2-months-old seedlings at nursery stock. The treatment used 
was growth regulator hormone IBA (0, 500, 750 and 1500 ppm). The cuttings were planted in pottrays filled with 
sterilized mix coconut dust and rice huskand kept in a mist chamber. The experiment used completely randomized 
design with four replicationsandeach replicationconsistedof15cuttings. Growthresponseswerelivepercentage, rooted 
percentage, shoot length,root length, number of roots, andbiomassof roots andshoots.  
 
3. Result and discussion 
 
3.1.Potential reproductive of kaliandra 
 
The number of flower per raceme, fruits per raceme, ovule per flower, seed per fruit, flower to fruit ratio, ovule 
to seed ratio and pre-emergent reproductive success (PERS) of kaliandra at Dramaga and Cibodas research plots are 
shown in Table 1. 
 
Table1. Mean value of reproductive biology variables for kaliandra at Dramaga and Cibodas research plots. 
∑flower per raceme ∑ fruit per raceme ∑ ovule per lower ∑ seed per fruit 
Fruit / Flower 
(FF) 
Seed / Ovule 
(SO) PERS 
Dramaga :      
140.00 21.00 7.60 5.80 0.13 0.76 0.10 
54.60 18.80 8.60 6.20 0.33 0.73 0.24 
141.00 35.20 7.60 6.00 0.25 0.82 0.21 
55.20 5.40 9.20 5.60 0.19 0.64 0.12 
102.20 18.40 7.20 4.60 0.17 0.64 0.11 
98.60±42.80 19.70±10.60 8.04±0.88 5.64±0.66 0.21±0.08 0.72±0.08 0.16±0.06 
Cibodas :      
72.60 17.20 8.60 8.00 0.31 0.92 0.28 
80.80 11.60 8.20 6.80 0.15 0.82 0.12 
85.80 10.60 8.20 6.40 0.13 0.76 0.09 
67.20 15.80 8.00 6.60 0.28 0.83 0.22 
76.20 9.80 8.60 7.20 0.13 0.87 0.11 
76.60±7.20 13.00±3.30 8.32±0.30 7.00±0.60 0.20±0.09 0.84±0.06 0.17±0.08 
 
The flower to fruit ratio (fruit set/FF) of kaliandra in this study was around 0.21±0.08 in Dramaga and 0.20±0.09 
in Cibodas, it means that the number of flowers became fruits were in a range of 11% to 29%. Seed set of kaliandra 
were found high either  inDramaga (0.72±0.08) or Cibodas (0.84±0.06). So that the number of ovules in a floral that 
developed into seeds were around  64% to 90%.  The direct costs of seed production are paid during two phases, 
ovule production and seed development that grow many-fold between fertilization and dispersal[13]. The value of 
reproductive success (PERS) of kaliandra that achieved from multiplying of both FF and SO ratios was in a range of 
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10% - 25% (Table 1).  
Kaliandra is andromonoecious plant that having both bisexual and male flowers on the same plant [14]. Common 
phenomenal of andromonoecious plants are produced a low ratio of fruit/flower [15]. In fact, fruit set isinfluenced 
by many factors of which related to reproductive biology including pollination and flowering behaviour. Pollination 
was the main limitation to seed production [16]. Abundance of inflorescences will attract pollinators to visit the 
flowers, moreover the availability of pollen resources were also an important factor in fruit production [17]. 
Furthermore, the dynamics of floral and fruit formation process are greatly influenced by environment factors, such 
as significant rainy season, photoperiod, drought-induced leaf fall [18] and various biological process involved in 
fruit set [19]. 
All variables of reproductive biology of kaliandra showed no significant difference between Dramaga and 
Cibodas population (Table 2). 
The number of flowers and fruits of kaliandra observed in Dramaga were found similar to those numbers in 
Cibodas according to statistically analysis of variance (P>0.05). The ratio of fruit to flower or fruit set in Dramaga 
was more or less the same as the fruit set of kaliandra in Cibodas. Likewise, there were no different between the 
number of ovules per flower in Dramaga and the number of ovules in Cibodas. Similarly, seed set of kaliandra in 
Dramaga was no different to those in Cibodas. This resulted a value of PERS from both populations  was in a range 
of 10% to 25% (Table2).  
Condition of the sites in general, even a striking difference of altitude between Dramaga (244 m asl) and Cibodas 
(1300 m asl) did not make any distinction to the variables of reproductive potential. Both research plots are in 
approximately similar condition microclimates. In this case, kaliandra stands are understory plants grown naturally 
in reserved areas.  
 
Table 2. Analysis of variance of reproductive potential variables between two populations. 
Variables Dramaga Cibodas 
∑flower per raceme 98.60 a 76.60 a 
∑ fruit per raceme 19.76 a 13.00 a 
∑ ovule per flower 8.04 a 8.32 a 
∑ seed per fruit 5.64 a 7.00 a 
Fruit/flower ratio (FF) 0.21 a 0.20 a 
Seed/ovule ratio (SO) 0.72 a 0.84 a 
PERS 0.16 a 0.17 a 
Note: The same alphabets following the values are not significantly difference (P=0.00). 
 
3.2. Fruit production 
 
Fruit production at Cibodas plot had a significant correlation with the number of sprout, and the correlation (R2) 
was 0.63 (P<0.01). The equation of the graph was  ln Y = ln 37.325 + 0.1359X  (Figure 1). 
 
Fig. 1. Fruit production versus sprout number of  Kaliandra atCibodas research plot. 
 
 
The average number of kaliandra pod production (115.43 g/tree) was collected from 12 sprouts. This number 
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was approximately equal to 60 g/tree, in average. The value was more or less similar to the kaliandra seed 
production reported by other author that is mostly less than 100 g seed/tree [20]. The increasing of sprout number 
will be followed by the rise of fruit production. In this case, silvicultural techniques such as fertilization are probably 
suitable to increase sprout number. The growth phenomena of kaliandra sprouts is rapidly. Cutting the stem at one 
meter height in a month before rainy season will stimulate the growth of new buds that bring eventually through the 
growth of flowering and hence fruiting, provided optimum conditions [20]. Seed production of kaliandra may be 
initially low for two or more years, because the main pollinators i.e bats and moths, require time to locate new 
stands [21]. In this case, the habitual of pollinators should be well recognized to find out the limiting factors of seed 
production. 
 
3.3. Seed quality assessment 
Seed sortation used mesh equipment showed a significant different in the weight of 1000 seeds among the mesh 
diameter sizes (Table 3). 
 
Table 3. Physiological, physical responses in relation to seed size. 
Sieve sizes(mm) Weight of 1000 seeds (g) Germinationpercentages(%) Seedling height (cm) Seedling   stem  diameter(mm) 
>3,4    59.2 a 80.00  a 14.22  a 1.70  b 
3–3,4 51.3 b 79.00  a 14.09  a 1.92  ab 
2,8-3  45.2 c 72.00  a 12.86  ab 1.89  ab 
<2,8  35.8 d 42.50  b 11.66  b 2.16  a 
Note: The same alphabets following the values are not significant difference (P=0.00). 
 
Sortated seeds of 3.5 mm mesh size have weight of 1000 seeds of about 59. 2 g which is different from those 
seeds either of 3.0 mm or 2.8 mm mesh sizes. This revealed that grouping the seeds by using mesh could be able to 
separate the seeds into different weight. The distinguish weight of 1000 seeds in each mesh size were enable to 
estimate the number of seed of each mesh size. This was similar to the seed of pilang (Acacia leucophloea) [22], 
akor (Acacia auriculiformis)  [23], and manglid (Manglitea glauca) [24]. 
The biggest size of kaliandra seeds produced highest value of germination percentages and grew better 
performance of seedlings. Large seeds tend to contain high food reserves required for their germination and capable 
to grow as normal seedlings eventually [7, 3]Similarly, seed of Glycine soja showed better growth of bigger seeds 
than the smaller one [25].  
Seed moisture content measured at arrival was in a range 8% to 9% and remained at this level after 6 months 
storage without any injury to the seeds. This indicated that kaliandra seed was classified as orthodox due to their low 
moisture content [21]. 
 
3.4.  Seedling quality 
 
3.4.1. Seedling growth 
 
Height growth, stem diameter and seedling percentage of 5 months old seedlings were mostly responsive to the 
inoculation of rhizobium (Table 4). 
 
Table 4. The influence of treatments on the 5 months old seedlings growth of kaliandra. 
Treatments Height(cm) Stem diameter (mm) Seedling survival  (%) 
Control 21.4 b 2.4 ab 94.8 a 
Rhizobium 33.6 a 2.7 a 97.8 a 
Myccorhiza 23.8 b 2.1 b 94.8 a 
Rhizobium +myccorhiza 32.0 a 2.7 a 94.3 a 
Note: The same alphabets following the values are not significantly difference (P=0.00) 
 
Rhizobium increased the height growth of seedlings significantly, as well as once they were treated by the 
mixture of rhizobium and miccorhiza. The increasing effect was also seen on the growth of stem diameter. However, 
seedling survival percentage showed no effect of all treatments. It is well recognized that nitrogen is an important 
element for the growth of plants. Meanwhile, rhizobium are microbial groups which are enable to fix up nitrogen 
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from the air and change it to be an avalaible element that ready to be absorbed by plant roots [26].   
 
3.4.2 Inoculant infectivity 
 
Infectivity of rhizobium and miccorhiza to the seedlings did not show any different among the treatments as well 
as their quality index. The number of nodule were found higher in the combination treatments compared to single 
treatment of rhizobium (Table 5). The infectivity of rhizobium was not effective enough to enter the root because 
there was no different root colonization between control and the treated seedlings. This was probably the inoculated 
isolates were not compatible to kaliandra roots. Rhizobium inoculation was unable to increase  seedlings growth and 
leaf production of 12 old weeks lamtoro (Leuccaena leucephala) [27]. Thus, it was proven that not all types of 
rhizobium inoculum capable to associate with legumenosae [28]. 
 
Table 5.Inoculant infectivity and seedling quality index. 
Treatments Myccorhizacolonization (%) Nodule number  Sedling quality index/SQI 
Control 22.78a 4.00 a 0.16 a 
Rhyzobium 42.77 a 0.33 b 0.37 a 
Miccorhiza 51.67a 5.67a 0.10 a 
Rhyzobium +miccorhiza 68.88 a 5.00 a 0.29 a  
Note: The same alphabets following the values are not significantly difference (P=0.00). 
 
Seedlings inoculated with myccorhizza and with both myccorhiza and rhizobium have 51.7% and 68.9% 
infectivity of myccorhizacolonization, respectively. These values were categorized as moderate (Setiadi 2013, 
personal communication). The number of nodules were found high in those seedlings inoculated with myccorhizza 
and mixture of myccorhiza and rhizobium.  There was probably the inoculated rhizobium did not infect the roots, 
instead the borne-rhizobium that already exists in splash water have high infectivity.      
Rhizobium gave a higher value of SQI that indicating the readiness of the seedlings to be transferred to the field. 
Khayaanthoteca possessed SQI of 0.09 and the seedlings had excellent vigor when transfered to the field [29]. In 
this experiment, all treatments did not give a significant different, however, the achieved values of SQI was more 
than 0.09. Thus, the seedlings were ready to be planted in the field provided optimal conditions. 
3.4.3 Effectiveness of inoculation on seedlings growth 
 
 The effectiveness of inoculation was assessed based on growth changes between treateds and untreated 
seedlings. The calculation used the formula of   [(treateds-untreated) / untreated] x 100%.  The calculation results 
was written in Table 6.  
 
Tabel 6. The  effectiveness of rhizobium inoculation and/myccorhiza to the seedling growth. 
Treatments Height increment (%) Stem diameter increment (%) Dry biomass increment (%) 
Control 0.0 0.0 0.0 
Rhyzobium 57.0 12.5 186.0 
Miccorhiza 9.0 -12.5 -19.0 
Rhyzobium +miccorhiza 52.0 12.5 119.0 
 
 Single treated of rhizobium and combined with myccorhiza could increased the height, stem diameter and dry 
biomass. Height increment by both treatments was more than 50%, while diameter increment was only 12%. Dry 
biomass of seedlings treated with rhizobium increased up to 186% and when it was treated with rhyzobium-
myccorhiza mixture, the increment was 119%. According to Bolton et al (1992) in [30] when microorganisms were 
inoculated into rhizosphere, they would be able to create either positive impacts (mutualism), negative (parasitism) 
or no impacts (neutralism).  In this experiment, myccorhiza was tended became parasite once inoculated to the 5 
months old kaliandra seedlings. In this case, the used myccorhiza was probably arbuscular that catagorized as 
endomyccorhiza.  Thus, they live inside the roots which nutrition supplied comes from the plant itself [31].  
 
 
 
68   Dida Syamsuwida et al. /  Energy Procedia  47 ( 2014 )  62 – 70 
3.4.2. Cutting techniques 
 
Growth hormone of IBA showed responses to shoot cutting on the number of root, biomass of shoot and root 
(Table 7). 
 
Table 7. Growth responses of shoot cutting in relation to IBA. 
Growth responses IBA concentration 0 ppm (control) 500 ppm 750 ppm 1500 ppm 
Live percentage  98.75  a 86.25  b 82.50  b 76.25  b 
Rooted percentage   88.75  a 82.50  ab 76.20ab 72.50  b 
Shoot length  (cm) 5.40    a 3.80  b 4.90  a 3.80   b 
Root length  (cm) 3.00a 2.30 ab 2.90  a 1.80   b 
Number of root  5.00    c 1.00 b 25.0  a 24.00  a 
Shoot biomass (g) 0.01a 0.02ab 0.02  a 0.01 b 
Root biomass (g) 0.001  c 0.01  b 0.02  a 0.01 bc 
Note: The same alphabets following the values are not significantly difference (P=0.00) 
 
Kaliandrashoot cuttingswithout exogenous hormone (IBA growth regulator hormone) showed better 
percentage oflivecuttings(98.75%) and rooted percentage (88,75 %), but showed the lowest number 
ofrootsproduced. It was probably that material of the cuttings contain of carbohydrates and nitrogen which was 
enough to initiate the growth of roots.  The formation of   cutting roots was started from the available of nutrition 
reserves that produce energy for cell division and to form new cells within tissues [32].The cuttings root 
development is strongly influenced by nutritional conditions on material cuttings in regard tothe balance 
betweencarbohydrate and nitrogen [33]. Total carbohydrate, total nitrogen levels and C/N ratio have been reported 
to influence the adventitious rooting of plant species [34].The availability of carbohydrates as an energetic 
requirement would be able to drive root development process [35].  As well as, nitrogen is essential in synthesis of 
nucleic acid and protein, which are necessary for root differentiation [36].  C/N ratio was positively related to the 
rooting percentage [37].In this experiment, C/N ratio of kaliandra cuttings was highi.e 7.2.In the case of 
Ulnusvillosa the best rooting  occur when the cuttings were provided with sugar, total carbohydrate and high activity 
of peroxidase with low nitrogen content [38]. In addition, as an annual growing cycle progress, endogenous auxin 
production begins to decrease and therefore, higher levels of exogenous auxin are needed to promote optimal 
rooting [33].The growth regulator hormone of IBA 750 ppm and 1500 ppm increased the number of root cuttings 
i.e25 and 24, respectively.  Similarly, number of primary roots for Frase fir (Abiesfraseri) were continuously 
increasing following the increase of auxinconcentration [39]. The number of primary roots increased from 2.8 to 8.9 
in cuttings treated with 64 mM IBA. Regardless of growth stage, primary root production increased rapidly at lower 
auxin concentrations and began to level between 8 mM and 16 mM, increasing slightly to 64 mM. In this 
experiment, the range of IBA concentration was not too wide, so that the trend was unclear.  However, auxin will 
react to the specific concentration limits, the concentration of auxin can be toxic or inhibit the activity of cell 
elongation [40]. Inhisstudy, concentration of 750 ppm IBA apparently have the best responses to initiate and 
develop the growth of roots.     
 
4. Conclusion  
Kaliandra produced a lot of flowers (98%) but only few of them created fruit set (21%). The proportion of the 
ovules succeeded to be fertilized and developed into viable seeds were in a range of 10% - 25%, predominantly. 
Consequently, the obtainable fruit production of kaliandra might be at such low values that is approximately equal to 
115 g pods/tree or 60 gr seeds/tree, in average.  The viability of seeds were enable to increase by selecting the size 
(>3.4 mm mesh) and weight of seeds (35,8 -59,2 g/1000 seeds), and maintaining seed moisture content of around 8-
9%.  
Rhizobium inoculation of 1 ml/seedling did not infect seedling rootsoptimaly, but it was effective to increase 
57% height, 12.5% stem diameter and 3.7% seedling quality index. Myccorhiza inoculation of 2 g/seedling infected 
seedling roots of > 50%, but decreased seedling height of 9% and stem diameter of 12.5%. The combination of 
rhizobium and myccorhiza did not affect seedling growths. 
Kaliandra was enable to propagate vegetatively by cutting succulent-young shoot seedling which was giving 
high percentage of survived (98,75 %) and rooted  cutting (88,75 %). Growth regulator hormone of 750 ppm IBA 
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increased the number and biomass of cutting roots. 
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